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FUY Y4+ =k CoA

| [aLaame]

T -7 I V7Y VE(ALA)

1 #waey s> eBo)
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e FEFYAFVES Y (HMB)
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FERERHY
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TRV T LY ISV ]T

5

TarENT 425K

1 17“13 FELVT4Y J”J"/?‘MEE&%‘E]

TabELT 4 VIX

re 4

N A

1 ANLERERE HCP OREES

FIVT 4 U EOHE, SENGELCENRRS JUEEER

#* CEP | +++ - + UPI>CPI CP, 7P | CP
z B | EPP | ot -~ + | BEEIE)CPI FP PP
¥ | m | HEP | +++ - + UP III>7P, CP FP, CP | PP, isoCP
T PCT | +~+++ - + UP II>7P F#  |isoCP, CP>PP
i VP | +~t+ ++ +  |ALA PBG, CPII>UPII|iE# |PP>CP, X-P
B2 HeP | —~t +or +  |AlA PBG, cPII E% | CP>PP

AIP - ++ +  |AIA, PBG EE |EE

WL YVBBETAEN T4 Y OBREBLIUERN T AU Y - Ny —vBRL 5, AIPTIEERETHRSP

ALA, PBGOMEZA 5. E{LENFRTORNVT 4 ) VUBHEDTISENAHERRZRYT. FEEREL
T, EPP # BB B TREBRIA LGNS, :
7P: heptacarboxyl porphyrin, X-P: X-porphyrin peptide, PP protoporphyrin, FP: free-PP, ZP: zinc—PP,
CP: coproporphyrin, UP: uroporphyrin, VP: SR 7 4 U Vi, HCP: #EET YKL 74U Y, AIP: &
PEERERNT 4 1)
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£2 BEEEITORLTAUED

A BARRAR FEUEINERE S Y - X No. 21

%3 HCP THOLNBERE

BIEFEEO—E EBEARTVER
HETFRE 7T DR EREWL - FR HEE NPT EE
C85—~T¥ Glu29—ter it BHEEE
G265—A Gly89—Ser gt Thdh
G301—A Glul01—Lys ER(EETH) R
C445-T Pro149—Ser BT, TR, FE AdkES, WHERG
526 % H D T Ak Y FL—AY T b SRS SRS RR HE 23
G538—AY Gly180—~Arg TRt HIEER
G545—A Gly189—Ser HiEE e
C691—~T Arg231—-Trp I, TADARLE ik
C883—G His295—Asp TR HEH R 4
A910—G Lys304—~Glu EREE Zoil
68 HHDWBITHEA | 7L—22 7 YIE, BE eA7U-—
G977—A BIE, #IR
A H !
(zrvvenrxy ) |7 TV ITER BB () R
C991—T" Arg331—Trp R
A1210—C? Lys404—Glu BREASEY
TREHEE VARARRCRWES AL T on

-

LT 1983 412 Nordmann 522k - THRE L
7z, HRIEX CPOBETOT T VATOEAK
ELTRIET A

4. R ]

=3I E BRI RER L7 HCP I3 AIP$H
WoBMEREEE TS, PRI EEBED
T ENG . EHEREED ZEBY, 0
ATIEVPICEMLENSLEL 25, A%E
W ERERED VP EALEEZ bR TWA,

5. 2k &R

CABRLT 4 ) VEOBIIC I ERERD S
FNT 4 VREE S T, ZHEB X URE
DENT 4 ) YBIURBRVT 4 Y R
(ALA, PBG) DMA&ARATH DA —HETH 5.
BYRNT 4 ) VETE, RPEOALA, I
PBGO¥MEXMERTHI L TH B, 2751,
AIP TIZEMIIC D IR D ALA, PBG O#MNAT
FEd 5755 HCPB XU VP TIRIEE(LT 5.
7z, VP E @R, EEFORNVT 4
HEERELPP & L HICCPAEH ML Tw
AZ é:%%%; TR L v, 7, HCP g

FILowTIHMDEERV T 4V ViE(BERX
PRV T 4 Vi, SHERVT 42U VE) ICBW
ThHLILA,

cpmﬁﬂ%fé%ﬁmu%ﬁév*ﬁ AREE

UETFRAH ORI R T RUT R ST
THEDIEVI TTHRV.

SRV 4 VTR, TEA S oN
LBk, A, RAANERE, 5 OERED
IR S X U 7 £ A B~ T
(I ~BE)E T T 37, fiklc LCASE
PESPRTRBBENE I L LS, BHitA
PRI EERET 5. BRI, ANEE,
TANA LB ENPTL (R3), BIIES
FTRETHHEV) HRAPOHALFALTH
%.

6. BELTE

MRV T ) VETEREHZH RO CE
EChD, WREFELBTNE—RICTHRIEZE
HTHb HELIEFIERENZ DO
{, BERVZLYVELLT-HELTHLES
NB RSBV, BEIZOVTIRW IS
boiL, HERELIZWY. KEOT
FyEDRS 24T £ DI, ER, AREo
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LU, RRZECEZarvrsuxdvz, &
ME, SRz 7yars  a—ni s,

NLETNFEZ Y OBFRAES P RERERD & %

LFRNT 4 ) YREBEOLBICLEDHER

BRIV TESL, fakrud— Vi lie  HEh RERERGEWERES LTgsh
EENBEHEBATERS TS, COREE  TwaY. FHEEILTE #EEOWHLS»E

A&, BREH: Z2EHNOEHERTILZ L
ML bEETH 5.

LBRTRIER S WwWE &1F, #EHIC L - TIERA
CEAPREICL o TRELE ERY, Bk
LHEENZD L TWAETHE ATF IR

Ex #

1) Anderson KE, et al: Disorders of heme biosynthesis X~linked sideroblastic anemia and the
porphyrias. In: The Metabolic and Molecular Bases of Inherited Disease(ed by Scriver CR, et
al), 8th ed, p2991-3062, McGraw—Hill, New York, 2001.

2) ‘Sassa St Modern diagnosis and management of the porphyria. Br J Haematol 135: 281-292,
2006.

3) Kappas A, et al: The Porphyria. In: The Metabolic and Molecular Basis of Inhemted Disease
(ed by Scriver CR, etal), p2103-2159, McGraw-Hill, New York, 1995

4) SETEIEHEE A« BRIV T 4 ) VEOEEBINE R B ITEEZOER,. ALA-Porphyrin
Science 1:33-43, 2012,

5) 4 RFERIETD  BUERV T 4 ) VE BUESEET 276V 749 ¥
V7 4 ) YHIRER), pl145-153, BEALER A, 1995.

6) {4 ARFERIT)  FEa7aENVT 1) ViE, Hepatic Coproporphyria GEEEDT 7 aRL 7 4
1 v, Hereditary Coproporphyria) ® 9 l—R L7 4 ) YEQH LRl fHES 25
1978-1995, 1970.

7) SEREHEME, MR L RIBIER w74U/f%l%ﬁ&ﬂwwﬁ6mﬁﬁ@mM@®ﬁﬁ
JE A S R R g B B 4 (A e B TR IR 20 30 35) T 23 SR AR - I e sk 5,
p24-30, 2012. ,

8) EEHESIEA 1 BN T 4 ) VEEOESE, BMLEEH 27(Fv T2y >
N7 4 ) YEIEEAR) pl136-144, FIFLERA, 1995

9) LHEHER:FERENT AN VDAY == v TE—RNT 1) VERRDIDIC—
53(6): 1503-1506, 1995

10) Lamolil J, et al: A molecular defect in coproporphyrinogen oxidase gene causing harderopor-
phyria a variant form of hereditary coproporphyria. Hum Mol Genet 4: 275-278, 1995.

11) FEEEIEMEE S - BHBRMERRICA LA VTORN T 1 ) VEFRD N IEERL 7
4 1) V4E. Porphyrins 5(4): 363-374, 1996.

12) Nordmann Y, et al: Harderoporphyria: a variant hereditary coproporphyria. J Clin Invest 72:
1139-1149, 1983.

13) Kondo M, et al: Porphyrias in Japan: compilation of all cases reported thr ough 2002 Int]
Hematol 79: 448-456, 2004.

14) FEEFEHEED B 7 4 Y ViE L EEH]. Porphyrins 8(2): 87-96, 1999.
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Porphyrinurea in lead poisoning

Key words : /3, BRERNV 7 4 ) Y RBEE,

8
EHEALT
SR

BT 1Y) VIR,

-7 37 V7Y VERBUKEEE, LEHENT 4 ) VE

1. Bi& - E=

FRERN 7 4 ) VEE BN, BREERN
BRIICENVT 4 ) Y R~EEE 52 25
Nd b, BEBERICIMEFEYE B EEE,
a5 K KELZEEBTLEN(EL-D), BE
ZTHRFC IO LILHLUDHFEER L
BECEETHT=2A T+ NS4 FiZloTHE
V74 VERBEBEEZREITIESMS
nTw5b, —7F, MBROENRLT 4 ViE

DEPICBEABRFIIHES P TERWA, R
BIABLTREELT 4 ) VIBESENT 5
HEERVT 4 VRELRATHNS, BT
14U VRERZRETH Y, EREBEOBREICL
STHETE RUVT74 ) VREREITER
R 1-TPITRT.

BEEEZREE LABRERV 74 0 YR

WEE(E1-DOHE, BABREORELES
BENBS, FICHEEIIEL T 1Y YREHCE
BEE25 2, RMPNE WEERE AN
BT 4 Y YECZEPOREEREEZT. L
2L, SPEIBERNT 1Y VEL RRES
BRHILPOMEDENSHAFAEEL %5,
2. 2

1) RIEZF

FEHERS CEERRICI ANy 7Y —,
BFEIR T2 -Hlkeonihs, 2250
IT AEE, EEETREELRTEY, 2
NoDOELEEEE TOREREFNSH L. T+

"Masahito Aminaka, Ayako Takata: Preventive M;adicine,

WEREHPDOTHESEF VY YRl & LTER &
nizAs, BAERERER TR W, —7F, £
BECTEHVWHERERPL LEYOESE, #
NBADRRER, 7—2IVT 2 —F 2 EDE
BERCELNAIBERZICE TN TV AEHY
HAH, KRETEFLELIETVAVY PEEEEL
LzgiEm L o TREMFET L, FEE TV A
Ly b3y 7 LARSHPREENZ 20
EREZYCARLARZERLY, ENTY
AROGHEPRESNLRRICH 5.

2) PRIEE t$w740/ﬁ§§“

& QEEE

%%@ﬁﬁ»ﬁ4?7ﬁ@ CEHENREEE
5z253 WEMOHZTH Y, SHOEYEDN
Wﬁ%ﬁkLTMﬁ$%Eﬂ%4ﬁ$R¢§7
I V7Y VER(ALA), ﬁm&$7uﬁfw7

4 VB (PP), ARI13ke ALA BikEEZE (ALAD)
R EOEEFHVLNTW S, SRREED
Pb-B, PP, ALAD, RH$iE (Pb-U), ALA%
4EBEOPH-BICHTTER2ITR L ALAD
b YRR BRI R L T
W, REEREOFMICIEEMNTES, Pb-BAS
0pg/dLE B2 BEEREEICLZST, %
FERBTOHEBCEIAVSERA TR, W
I X IUE Ph-B OB, ALAD 3485
HARAT IR T LC 50 ug/dL CRIfER R L, Pb-
B %840-50 pg/dL 7 5 FR ML zine protopor- -
phyrin (ZPP), ALA, CPO&EEms#EL
Twah, 7B, HENEFEHE T, Pb-B 14k
0.84g/dL, PP 95.4%19.64g/RBC, R uro-

St. Marianna University School of Medicine ZE< VY7 ¥

TERKE FHESHE *“Masao Kondo: Faculty of Human Life Sciences, Tokyo City University B BT AL

INGERES

0047-1852/13/¥60/E/JCOPY
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EN74 UV RBEREZECTEEDES LUER

L ARV T 4 Y VEEEYERE)

o, KSR, L M, &k 8, H& sUTLARE
gruy AFEERLEY, TIONVEERREY, FUEFTINVEY, TN

MEZ—JV, LFVIvF,

AVNTEELY, 72VAFVIE,

DDC, ¥,

TNaA—=), AFVLY, MU FLURE

O ZREERNVT 4 VERE
1. EREAHESE

EREET v v ME, Dubin-Johnson JEEEE, Rotor SEEMREZL &

2. FFIREES
PSR,
: %, W,
3. MiEER
B,
4. REREE
BRI, FARRE
5 Y¥3IURIE
FATYY, ¥¥I VB,

B &

MBS ofE, T a— VRS,
g, EWETEE

FERMIRTETESE, T
, NEZOR =V ARE

BAZERN, PEFERURM, BERMD BmmL L

BeRZERE

£2 RETEOIERHREERILT « U EEDEDRE

1.54=20.56

0.98£0.19 4974241

Pb-B<10 7 6.7£3.02 84.7::12.35

10 = Pbh-B<20 8 16.3+2.41 95.1=37.50  0.84+0.40 39.53:34.52 2.79+1.10

20 = Pb-B<40 9 2544355  128.0+102.8  0.3640.19 69.06:22.91 3.17+2.27

40=Pb- B 6 477636  194.7x7211  0.20£0.11 108.27£57.95 3.40£1.67
total 30 233+15.02 123447835 = 0.59+0.40 54.57+49.83 2.73+1.70

Ph-B: lﬁl‘HEﬂPf"s PP: Rz 7a bRV T 4 U Y&, ALAD: 6-7 3 / V7Y VERBIKEERTE T

Ph-U: RRAPEIE, ALA: R S-7 37 L7 VRE.

porphyrin (UP) 12.5+5.08 ung/g cr., FRH copro-
porphyrin I(CP 1)18.611:5ug/g cr., B cop-
roporphyrin II(CP III) 26.2+23.8 ug/g cr. TH
272l EFRE IR TV B,

3. A - /&

1)% iE 2R

FEFERG CEEEHRO 2 — 4, EHESG
LEYM DR LA ZERBLRO»PLBEET 5.
¥/ FEBRERF LA VERR e EOKEMESNE
BREPLL, TAFNEGEEOEBBILEYT
BERREL L TRRESCRELODBRET L. &
THERGC & 2 AR R R R T B L
TEL, HIEE»AINCHRI S NG, R
R Nni=spid, RPERE, TP bfint

BEH &N A, TEVETIRIFE T, X
b%kﬁﬁéh,ﬁﬁéhtw%@m%#%%
ﬁéﬁ%
@ﬁ%f@%ﬁ%ﬁéﬂﬁ%@%<##m
BPDy s LIEELTWA, By DS MEss
ELTIEEMN L TEFIE
PR ICEEE 5 2 5. BATIRBRIC L
BLC0% UEFEBICERSH BETO
EWFREET10EBEL SNE &l
F2B\T 5 Pb-B 0L MHIIHE~Hy FRE
Thb, T, ML EHROEDFILR
HZ187THBI V2 ELOHE D H 5.
2) SRAOIEREE
FRISROENERTH Y, AEREET
BLENGEMZRI R RV 7 4 1) LB OB
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492 A BARERK

HHT 5. BEREBTRIRFHROELN TR0,

FRIEFIIIFEER AL, BOBREREE,

BRESFHFEEM R DA OE CAEE
ERELE, T, HICXBRRMRERA~DME
R D—21Z protein kinase C £ 854 F v D
BHERPZTONTEY, WREEDEE
S BOMMASENDOEENE 2 bNT V5P,
SBIBETIIE, T TS EkRToE
AEDTEEMEHS ) (JARC group 24A), H£EA
WERLICALADRFERTAELEZT F N
V) VEROTESBRARIC L Z2HENBRES R
TWw5BY,

3) MIEBRILT UL REEEDERE
AR S 7 $R 2RI BR A ALAD #TH 3
CHET 5. RIMEBATOELT 4V »REHZ
ZE AT Wiz, FRILEKA ALAD i,
BHTOEELRLLTn5a, $ITALAD IF
FETHSHECKESL-EG EEMERzRES
LTHRET S, ALADDHEIZ L > TENT 1
U BB TD, FIRWEOALADVERET
5. %7z, BEATOPPA®F ORHE% Fe*
DI PV FYTAOBITHEIEI S B 72D,
7% 55 —¥(FeC)BMITT, BWEMED
PP EMRET A, BICCPO#MEZRED LIS, o
NIZBREEDOCPUIAFCPID 14EHETH S

DX L TPb-BA 30 ug/dLE R DA,

AS5EBREEICENTAOTH B —J5, CP
DI B IERSEE, BT

4) BICEZEMFRBOES

SHIREIC X 2RMORBERER, ~AGHRE
FWZLEANEFUEVEQORT, BHEEmIC

L ARMIBBGOERIZIALOE ENTVAS.

5) SADMBIENE LEAE

> 1 HIERED 3-4 ug/kg body weight ®
BETHNIIPh-BAEMT A LRV TIEL
W CDCII/NEDOSIEE L EREEIC T 5
MRS Pb-B Z 10 ug/dLKiE LT WA 7S,
FOBOEEMFEICL o T10pug/dLEFETH
S THHBEHRBEIQOETIHL AR o7
7o WHO/NEB X UHROBE % Wi
BHREVELTAZERZEELTWS,. F7-
$/1d ALAD 2 EEMICHET 575 ALAD #&f{z

HEBERRE Y Y~ X No. 21

FIZIT ALADL & ATAD2 OBEFLEBE D Y,
ALAD1 ZREWXHT %54, ALAD2EZHF TS
HEEHBLUTHBREICL IRV 7 4 ) U0
NOBEEFFNZ LML T B,

6) EERiELR ‘

SE IR EOBRMIT X A R ERERE RO %2
Vv, BESCTESERETIE, EEEOMEBRE,
RAOEE, BHEE FROEE HARE B
B, BEmMz4L, mRECHEIIMEED, H
BB BEND. Ph-B A 20 ug/dLEI B TIZARL
740 YREEFE LTALADERTABE D
PP L5, 40ug/dLEL EA 5 ALAR CP, i
CPIIDEHZ LA%RDS. Ph-B A 80ug/
AL ETEBmRESEE LCHEN, FEE
PR ARIER, SFHPMBAT 5. BEFET
FEESCARE, AFORR, HH, EREELR
¥, 150 pzg/dL LA & CILfE (G o S LG
KX BB LA RIEEASD 2.

SRIETEIC BV OMNBIZBR T IE L THRATR

XL, MERENOBRSELEL,
7z iR B P (BBB) AR TH 5729, SHRNIE
ZHEE LR v HEEAENR & ORRFISERS
VETH DY FNICEADOHBIEDHES N
T3, '

4. B EENZ

EREOBRERICMZ, MBIL o THICE
BETHL)BERPEEREIIVEPERD
THTCENEETDH L. HBTFEOBUTTIE,
Pb-B, Ph-UDHllEZ4TH. TN, SHEEIC
LARRZELAYFHREREORICEF
(S BROEHEALET, Pb-B % L4l
DB L TGELTWA 2O TH A,
ETIZALAR CPOEN, MEEERRZEPLR
WAV T 4 ) VEGEEREaIT7TRVT 40
iE, BUERERL T4 VERE)DBEDN
5. LaL, $ihECRRERERAV 7Y 25
Y (PBG) iz LAET, PPOEMIEAD LNL
Wiz®, BERVT 4 Y VEE DEFINTRET
5. RFEFHEST NFIVT 4 ) VETIEEE
7u hRV7 4 v (FEP) D EF & BbBEE
ZEDDY, HBFETIRZIPPA LR L, HGE
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BRED RV, BHFTERTHA. 72, &% BHBEREZHD, 5D Pb-BAS70 ug/dL YL E
KEZBEIMTIE MCVOIE TS L PALA® ZPP ORAPHIES % 23 2484, 7212 Pb-B 2%
D¥IN%RD 57, ALAD IZZALIZ % VA%, 45pg/dLBLED/NBICH LCHAT 2. L
SPEFETIEIMCV D LA L ALAD OET2 68 — MBS L UBBEREE0EZIIIBER T
HIRTEETH S, MOEMIC L BBMERMSP 59 $/2, =V 3IVOROBSLEN
PSERMBIM & DEFNCIZPh-BR ALAD 28 TdhA. TOMOEEE LI MEE 2479,
SRR EE EE L REIVEL 2 5. Pb-BAS10ug/dLREZBZ 554, $ITNR
" , DHE IR RRBE L, SBREOER
5. mRCT# Fkn CFHE AL A NENH 5, Rl
BROBENOBMTECIIERECHE~Y WETIRBECL s TEBET2EAIZ L, B
3V AOBRE, ERNRIASHEEOESE MHBRECHETIITENEL, BEREE
FL—H(XAV-23-YV AU AT banyig, R REIE % B0 B IEFIDE .
CaNa,EDTA, BAL) ##%59 5. ¥l — MEE

o
il
23
)
2
=4

B X ik
1) EREHEH, REES PRI RLVT 4 VI EU%HZL‘ R I E R (D, p487—
489, HZARRRRAL, 1998
2) Gupta N, et al: Lead poisoning associated with Ayuruvedic drug presenting as intestinal
obstruction: a case report. Clin Chim Acta 412: 213214, 2010.
3) WILEE B/ OB BETORICIZEEFEIIOVWT EF YA 747 55 91-98, 2009.
4) WRHTER  ERFERYEICE 2 EEE R F#E. Clin Neuroscience 7: 10821084,
1989.
5) WHTZRIIA EEH 158 ZITBY B ML (Ph)IREEIZOWTC. EEZEfFaE 46: 380, 2004
6) MHEIIE  HAAREZORT ANV 7 4 ) VIRERET 2198, FBREE 11: 29-35,
2002.
7) B PEAGRE): 5%%'?@1% SISHEAR, EEREEMR, 1981
8) JNEIEH, BRI BERTEGEOEE 3-RHEEZRITESLE #(ead). FFF
BRERIEEE S, p644—645, ADFEAL, 2010.
9) International program on chemical safety. In: Inorganic Lead, Environ Health Criteria, p 165,
‘World Health Organization, 1995.
10) Surkan PJ, et al: Neuropsychological function in children with blood lead levels<<10 zzg/dL.
Neurotoxicology 28: 1170-1177, 2007.
11) Kelada SN, et al: Delta—aminolevulinic acid dehydratase genotype and lead toxicity: a HuGE
review. Am J Epidemiol 154: 1-13, 2001.
12) Sahu JK, et al: Lead encephalopathy in an infant mimicking a neurometabolic disorder. J Child
Neurol 25: 390-392, 2010.
13) Rolston DD: Uncommon sources and some unusual manifestations of lead poisoning in a tropi-
cal developing country. Trop Med Health 39: 127 132, 2011
14) Beers MH, Berkow R(UI), 1EEMEM (HAFERAERE): $218 S5 - BF, Arrv=2
7V 518 HL(HAFEIR), p2838-2840, HiE BP ﬁ:\,‘.kzoos.
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2 mg/1 BUF
3% (M4E) © 3.7~24.8 ug/]

#EEE
R, MEHRDG-73I 7)) v (ALA) O

EEERESREEI O I T4 —DPERTH B,

# Oz HORE,

ALA AL EEBRBRRORDOREY, T4
bbb, RKVT74) VEHEWETH ), BRIV T 4
Y VIEDBETReTFRAE, SBREHEEL LTER
THb.

HEREERTES
BEAERVT 4 VEGERRERVT 4
J Vi (AIP), EBEEa SRV T 4 ) VE
(HCP) &M, MRV T 14 ViE (VP) D
E%8, 0-7 3 L7 YBEKEEZE (ALAD)
KRRV T 4 ) VIE(ADP)), EEEFRT ¥
ME, $AFHETERICHEETS. o, #HRZ
HEm, BEAREENL BOEEmZRETRE
ERT A, BRIOERTEY. KEZRTER
& QL ENTHR WY,

#H EREERT AN A

RVT 4 Y V- NBEEREROFHICL T,
BEBZOREVSRPICEZERETS. LirL,
FECRVT 4 ) Y RBREEONNT Y AN
5720, ZEOXRNVT ) VEIHERTS. Lz
MHoT, ALADBREREZ R TEATIIHEL
Lo TRBPICHBETAIRNV 74 YOREEEED
Bhbld, EHNZHIZEEVT 4 YEORNE
PBLETH 5.
ALAXFHETAEEE LT, OADP ZBW
TZRBWRNVT 4 ) VERED L) BANMBERD
WEDF ALA ARBREELA (B0 7 14—
SRRy ZEE)ICLAHE, @ ADP RHTFED
&9 7% ALAD BEBAOBECET FERET

KX BEENDH 5.

HRBREOEYNTF—Ib

SRV T 4 VIERHFEL ETRFBRE
HbZENE L, EERIGRBAIC L D REEEN
AOENBEDTAZ Y-V FIHERTH 5.

R ALA BAERLV T4 Y VEDF Y Y TT
b ELEERLBELRDLN, BHERFR)
HERVT 4 ) VETIEEEL 20,

M ESEEEEDSED
BRIV T7 4 ) YREEEYEOKES L U5
RIER (O B LWIER, B, EHeEE R

R, @ BEE LKA, BE BRILE

EEORHEE) CEo TRV 74 ) YREFEEE
DB LA, EHICHEREEEONES X
UBEFZHZTAETHETHS. HPhEl D
NBEEITMESR ALAD %2 E&F BRI bk
HTHET 5.

i BEEEETOWR

BERAHOER, WL, Edr0nETHZE
DEACBHERRLE R L ARERY D 2 B8 1013 A
MRV 4 ) VERHFETREY, RPALAZ
WET2ZEHFEETHS. NS OEBIINE
TAHLEERMRERE &7,

BHENVT 4 ) VEDRE, FRET (EY,
BE, BEE, AMLVA, HELSA4 Ty, B
FRAZE)PHEZHIZEY B, EEE
R RERS S IUTERT 5. F0M, &HIK
WIS UHERE 2179 . REEOEIZITWAR
EERETREZORINZZITY.

B

1) EEEHEME R RARERE AL, EEERR RN,
p289-299, 2008

2) EEREEEZ 2 ¢ B E AR, FrNRRERREY Y -
A No.22 ERMMETERE (B2 T, AXEK
#, kIR, pl67-219, 2012

3) HERGTFIES © EEES 35 ¢ 112-118, 1993

4) HE % : B 67(%8) : 776-779, 2009
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CP: 100ug/day UF (HPLC)
PP 30~86 ug/dl RBC(HPLC)
PBG : 2 mg/day {T ((b&i%)

& AEE

BV 4 ) YOUBICEERORLVT 4 ) V%
VI U 22 e B BRI TRY A B
L, REHROERNVT L) VESGHERT S EE
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Letter to the Editor

A novel G168X mutation and a recurrent 730-731delCT mutation
of the porphobilinogen deaminase gene in Japanese patients with
acute intermittent porphyria

To the Editor;

Acute intermittent porphyria (AIP), an autosomal dominant dis-
ease, is caused by a deficiency of the third enzyme in heme-
biosynthesis, porphobilinogen deaminase (PBGD) [1]. Patients
with this disease present with a neurological syndrome which
may take the form of autonomic or peripheral axonal neuropathy
or central nervous system dysfunction. The symptoms are general-
ly manifested intermittently with rapid onset, and can be induced
by drugs, alcohol, starvation, infection, endocrine factors or exces-
sive stress [1]. However, most carriers of the defective gene are
clinically latent. Therefore, early detection of carriers of the defec-
tive gene is important to prevent the attack, since carriers can be
advised to avoid the precipitating factors. Determination of the
gene abnormality has been successfully made in many cases, and,
to date, more than 300 mutations in the PBGD gene have been char-
acterized (http://www.hgmd.cf.ac.uk). Recently, we established the
diagnosis of AIP for two Japanese patients from separate families, and
identified two pathogenic mutations in the PBGD gene.

We studied patient 1, 28 years old and patient 2, 22 years old
who were Japanese women with AIP. The diagnosis of the patients
was established on the basis of clinical symptoms of the disease,
and increased excretion of 6-aminolevulinic acid (ALA) (43.0 and
39.4 mg/day, respectively) and PBG (83.0 and 94.8 mg/day, respec-
tively) in urine. Except for the patients, no other individual from
their families has ever shown clinical symptoms corresponding to
AIP. Genomic DNAs were extracted from peripheral blood leuko-
cytes and all coding regions and splice sites of the PBGD gene
were amplified by polymerase chain reaction (PCR) as previously
described [2]. PCR products were directly sequenced using the BigDye
deoxy terminator V3.1 cycle sequencing kit (Applied Biosystems Inc.,
Foster City, CA, USA) according to the manufacturer's instructions.

Direct sequencing of the amplified DNA fragments from patient 1
showed a c¢. G502T mutation in exon 10 of the gene resulting in a
G168X in the protein. For patient 2, sequencing of exon 12 revealed
a two base deletion of CT at nucleotide 730-731 (c. 730-731delCT),
which caused a frameshift resulting in premature termination at
residue 250. No other genetic abnormality was found in the gene of
both patients. The two mutations cause defective protein produc-
tion, and, thus, they are exactly pathogenic mutations for patients
1 and 2, respectively. A G168X mutation was not reported previous-
ly, but a c. 730-731delCT mutation has been reported independently
worldwide, such as in Sweden, Finland, Denmark, Holland, France,
England, Italy, Argentine, [srael and also Japan [3-6].

To investigate the possibility of the common remote ancestral ori-
gins for c. 730-731delCT mutations in Japan, we constructed haplotypes
using the following seven intragenic single nucleotide polymorphisms

1079-9796/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/i.bcmd.2013.02.008

(SNPs): 15589925 T>C (5/-UTR); 1s1006195 G>T (intron 2); rs17075
G>A (intron 3); rs549893 T>C (intron 4); rs494048 T>C (intron 9);
151784304 A>C (intron 10); and rs640603 G>A (3’-NTR) and we ana-
lyzed two AIP patients who carry the c. 730-731delCT mutation, one
was our patient 2 and the other was the patient previously reported
[6]. Intragenic haplotypes of the mutated allele taken from them
were segregated with two different SNP haplotypes, defined as
T-G-G-C-T-A-A and C-T-A-T-C-C-A, respectively.

The majority of mutations in the PBGD gene are specific for in-
dividuals or a few families. But several recurrent mutations have
been reported to date. These recurrent mutations are categorized
as either of ancestral founder origins or derivatives from muta-
tional hot-spot regions [7]. The c. 730-731delCT mutation reflects a
microdeletion that occurred within the following PBGD ¢cDNA sequence
of GAGACTCTGCTTCGC. This mutation site is imbedded in a 5 bp
nucleotide. motif, YYYTG, which recently has been recognized to be
non-coincidentally associated with microdeletions [8]. Such a muta-
tional hot-spot could explain why the mutation c. 730-731delCT arose
independently in several AIP cohorts from different countries. Further-
more, haplotype analysis indicates that c. 730-731delCT mutations of
Japanese families seem to be derived from de novo mutations.
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Background

Xeroderma pigmentosum (XP) is a photosensitive genodermatosis with
increased susceptibility to skin cancers. Patients are typically diagnosed with
XP when they consult a dermatologist for skin cancers.

Case/Methods

The genetic analysis and 2-8 years of follow-up for three school-age patients
with XP-V is described. The patients were referred to us because of increased
pigmented freckles; they had not experienced abnormal sunburn or developed
skin cancer at their first visit. All patients harbored a genetic mutation in the
POLH gene. XPVIKO was diagnosed at age 13 with a homozygous del1661A
that creates a stop codon in the non-catalytic domain of POLH. The patient
practiced sun protection, effectively preventing the development of skin
cancer by age 21. XPV19KO was diagnosed at age 11 with a compound
heterozygous mutation of G490T and C1066T, causing POLH truncation in
the catalytic domain. This patient developed basal cell carcinoma at ages 12
and 13. XPV18KO was referred to us at age 11 and diagnosed with compound
heterozygous variants of ¢.1246_1311del66 (exon 9 skipping), a novel muta-
tion, and c.661_764 del104 (exon 6 skipping).

Conclusion
Freckle-like pigmentation on sun-exposed skin is sometimes the only sign of
XP-V, and early diagnosis is extremely important for children.

Photodermatol Photoimmunol Photomed 2013; 29: 132139
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Xeroderma pigmentosum (XP) is an autosomal recessive
disorder associated with increased susceptibility to freckle-
like pigmentation and skin cancers on sun-exposed
regions of skin. XP is classified into seven nucleotide exci-
sion repair-deficient types (A through G) and an XP
variant type (XP-V, MIM: 278750) (1, 2). XP occurs at a
higher frequency in Japan (1 in 22 000) (3) than in Europe
(2). Approximately 25% of Japanese XP patients are diag-
nosed with XP-V (4), which is characterized by late onset
of skin cancers.

We previously reported the usefulness of combined
immunoprecipitation (IP) and sequencing of the POLH
gene for genetic diagnosis (5). Most patients with XP-V do
not experience acute exaggerate sunburn upon minimal
sun exposure (5). They typically continue to expose their
skin to the sun and are unaware of potential consequences
until they consult a dermatologist because of the develop-
ment of skin cancer. In the present study, we report three
school-age cases of XP-V and the 2-9 year follow-up. All
three patients were referred to us because of an increase in
pigmented freckles; they had not developed skin cancers at
the time of their first visit. Early diagnosis of XP is
extremely important for children with an increased
number of pigmented freckles who perform outdoor
activities.

Patient 1 (XPV18KO)

An 11-year-old Japanese boy was referred to Kobe Univer-
sity Hospital because his parents were worried about an
increase in the number of pigmented freckles (Fig. 1a). His
parents first noticed this increase at the age of 4 and con-
sulted a family doctor. They were told that the freckling
was within the range of normal variation. In elementary
school, the patient became a member of the soccer club
and often played soccer outdoors. The number of pig-
mented freckles increased gradually, and when the boy was
10 years of age, his mother consulted a dermatologist. The
patient did not have photophobia but was suspected of
having XP-V and was advised to avoid exposure to sun-
light. He presented with pigmented freckles on his face,
anterior neck, nuchal region and upper back. However,
skin cancers were not detected. Mental retardation and
neurodevelopmental disabilities were not present. His
parents were not consanguineous, and both were free of
symptoms. Over the course of 5 years, his pigmented freck-
les became prominent (Fig. 1b, c).

Patient 2 (XPV19KO)

An 11-year-old girl was referred to Chiba University Hos-
pital because of numerous pigmented freckles on her face,

Photodermatol Photoimmunol Photomed 2013; 29: 132-139
© 2013 John Wiley & Sons AJS. Published by John Wiley & Sons Ltd
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which began to increase in number at 2 years of age. She
had no photophobia, and her skin was never protected
from sunlight. She was referred to us with the diagnosis of
possible XP. Physical examination revealed suntanned skin
with light-brown to dark-brown pigmented freckles of
miliary size on the face, dorsa of hands, forearms, nuchal
region, upper back, thighs and lower legs (Fig. 1d, e, f).
Freckles were not observed on the submental triangle
(Fig. le) or on the sun-shielded skin of the buttocks and
axillae. Loss of hearing or neurological abnormalities was
not observed. Her birth and development were normal.
After she entered elementary school, she became a member
of the swimming club. Her parents were not consanguin-
eous, and her elder sibling did not display similar clinical
features. Her parents were both asymptomatic. Skin
cancers were not detected at her first visit to the hospital.
However, 1 year and 2 years (Fig. 1g) after the diagnosis,
the patient developed basal cell carcinomas (BCCs), which
were excised.

Patient 3 (XPV9KO)

In our previous XP-V study, patient XPVIKO presented
without any detailed clinical features (5). We briefly sum-
marize her clinical features here, including a 9-year
follow-up period. This 13-year-old girl was referred to us
because of an increased number of freckles. Her mother
noticed the increase in pigmented freckles when she was
4-6 years old. She had been spending the summer seasons
without UV protection because she had never experienced
sunburn or photophobia. She did not develop skin cancer.
At her first visit, she presented with light-brown to dark-
brown pigmented freckles of miliary size to pea size on the
face, ear, anterior neck, forearms and the dorsa of the
hands (Fig. 1h, i). Freckles were not observed on the sub-
mental triangle or dorsa of the feet. Her growth was
normal for her age, and no neurological abnormalities
were detected. Although she was not protected from the
sun during the first year after diagnosis, at age 14, she
became conscious of her disease and began to practice
strict sun protection. The number of pigmented freckles
increased only slightly and she had not developed any skin
cancers by age 21 (Fig. 1j, k).

Measurement of minimum erythema dose
(MED)

The skin of the patients’ backs was irradiated with graded
doses of UVB using Toshiba FL20S-E-30 (Toshiba Electric

133

— 229 —



Ono et al.

XPV18KO(Paient 1) ] XPV19KO(Paient 2)

(b) 114 V-0

XPVIKO(Paient 3)

Fig. 1. Clinical features of Patient 1 (a, b, ¢), Patient 2 (d, e, f, g) and Patient 3 (h, i, j, k). Patient XPV18KO (Patient 1) at the age
of 11 years (first visit to our hospital) (a), at 14 years of age (b) and at 16 years of age (c). His eyes did not appear red. Patient
XPV19KO (Patient 2) at her first visit to our hospital (d, e, f): She had freckles on sun-exposed skin areas, including those regions
of skin not covered by a bathing suit, such as her upper back and shoulders. Patient 2 developed basal cell carcinoma at the tip
of the nose (g). Patient XPV9KO (Patient 3) displayed very subtle pigmented freckles on sun-exposed areas at her first visit at the
age of 13 years (h, i), which increased in number over 1 year. After 14 years of age, she began to practice strict avoidance of sun
exposure, which ensured that the extent of her pigmented freckles was limited (j, k). Her eyes did not appear red.

Co, Yokosuka, Japan) sunlamps, and the dose required
to cause faint but discernible erythema was deter-
mined according to the standard photo-testing
methodology (5).

Cell culture

Primary cultured fibroblasts were grown from skin biopsy
specimens obtained from the patients, Normal fibroblasts
were obtained from a healthy 26-year-old female volunteer

134

(6). All cell strains were maintained as previously described
(6). Skin biopsies were performed after obtaining the
written informed consent from the patients or their
families.

UVC irradiation

Germicidal lamps emitting predominantly 254 nm light
(Toshiba GL10, Toshiba Electric Co) were used as a source
of UVC. Fluence rates were measured by UV radiometers

Photodermatol Photoimmunol Photomed 2013; 29: 132-139
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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(UV-254, Topcon, Tokyo Kogaku Kikai KK, Tokyo,
Japan), as previously described (6).

Post-UV colony formation assay in the presence
or absence of caffeine

Cellular sensitivity to UVC was examined by measuring
colony-forming ability after UVC irradiation, as previ-
ously described (6). Colony-forming ability after UVC
irradiation in the absence of caffeine was compared with
that in the presence of 1 mM of caffeine.

Semiquantitative detection of POLH protein

POLH levels were assessed using IP followed by Western
blotting, as previously described (6).

Mutation analysis

Genomic DNA was extracted from primary fibroblasts
using a standard method. Each exon (Exons 1 through 11)
of POLH and the flanking sequence were amplified from
genomic DNA as previously described (6).

Reverse transcription-PCR (RT-PCR) and direct
sequencing of the PCR products

Total RNA was extracted from cultured fibroblasts using
TRIzol reagent (Gibco BRL, Grand Island, NY, USA),
following the protocol described by the supplier. One
microgram of total RNA was reverse transcribed with
SuperScript II (Invitrogen, Carlsbad, CA, USA) in the
presence of Oligo(dT),-15 primer. The cDNA was ampli-
fied using primers RT-E5F: 5-TTGTGGAAGGAAATG
AGAGCA-3" and RT-E8R: 5-GTTGCCTGGGTTTAAC
TGGA-3" encompassing exons 5 through 8, and primers
RT-E8F: 5-TCCAGTTAAACCCAGGCAAC-3" and RT-
E11R: 5-TGCTCAAGAAGCTGGTGATG-3" encompass-
ing exons 8 through 11 of the POLH mRNA. The amplified
products were purified and directly sequenced with
RT-PCR primers.

Normal MED in all three patients

The MED for Patient 1, Patient 2 and Patient 3 were
100 mJ/cm?, 150 mj/cm® and 100 mJ/cm?, respectively.
None of the patients experienced prolonged erythema,
indicating that the MED for all three patients was within
the normal range. The MED range for healthy Japanese
subjects at our institution is 60-140 mJ/cm?.

Photodermatol Photoimmunol Photomed 2013; 29: 132-139
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Fig. 2. Detection of POLH protein by immunoprecipitation for
Patient XPV18KO. A very faint 83 kD band was detected for
Patient XPV18KO (lane a), whereas no band was detected for
Patients XPV19KO (lane b) and XPV9KO (lane d). A strong

83 kD band was detected in control cells (lane ¢).

Reduced POLH protein

Given the clinical features observed in these patients, XP-V
or XP-E was suspected. First, the presence of the POLH
protein was analyzed using IP. No POLH band was
detected for XPV19KO (Patient 2) or XPVIKO (Patient 3).
However, a very faint band for POLH was detected for
XPV18KO (Patient 1). Semiquantification using densit-
ometry indicated that the expression of POLH for
XPV18KO was 7.8% of the normal expression level
(Fig. 2).

Caffeine test

Because a small amount of POLH protein was detected for
XPV18KO, a caffeine test was performed. Colony-forming
ability was calculated as the plating efficiency at each dose
relative to a plating efficiency of 100% in non-UV condi-
tions. Each point represented the mean of four samples.
In the post-UV colony-forming assay, XPV18KO dis-
played normal sensitivity to UV without caffeine but
hypersensitivity to UV in the presence of caffeine (Fig. 3).
This was strongly suggestive of XPV18KO being a XP-V.

Genetic analysis

Direct sequencing of the genomic DNA of XPVI8KO
(Patient 1) revealed a heterozygous 26 bp deletion at the
5’ splice site of intron 9 (Fig. 4a). To examine whether this
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Fig. 3. Caffeine test. Post-UV sensitivity was assayed using
colony formation with or without caffeine (1 mM) in the
medium. Cells from Patients XPV18KO and XPV19KO were
hypersensitive to UV in the presence of caffeine, whereas they
showed almost normal sensitivity to UV in the absence of
caffeine. Symbols indicate: --#--- Normal without caffeine;
—l— Normal with caffeine; -- @--- XPV19KO without caffeine;
—@— XPV19KO with caffeine; ---A--- XPV18KO without
caffeine; —A— XPV18KO with caffeine. Error bar indicates the
standard error of the four samples.

deletion causes aberrant splicing, we examined the cDNA
sequence of XPV18KO. RT-PCR of the mRNA isolated
from XPV18KO using the RT-E8F and RT-E11R primers
revealed two bands for XPV18KO, whereas only one band
was amplified from a control subject (Fig. 4b). Bands A
and B were excised from the gel and sequenced. The size of
band A was 413 bp (also present in the control subject),
and its sequence was identical to control POLH cDNA
sequence. The size of band B was 347 bp, which was 66 bp
shorter than the control sequence. This indicated skipping
of exon 9 because of a 26 bp deletion at the 5 splice site of
intron 9 [c.1246_1311del66 (del exon 9)]. Cells from
XPV18KO possessed a heterozygous single nucleotide
polymorphism (SNP; rs6941583 A > T) in exon 11 (data
not shown). In addition, RT-PCR using the RT-E5F and
RT-E8R primers revealed two bands (Fig. 4d); one was 357
bp (consistent with control size) and the other was 253 bp
(104 bp shorter than control size). Direct sequencing of
this smaller amplicon revealed that the entire exon 6 was
excluded, causing a frameshift at codon 221 that results in
premature termination at codon 223 [c.661_764 dell04
(del exon 6)]. Genomic sequencing of DNA from the
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patient’s parents revealed that his father harbored the 26
bp deletion in intron 9 and SNP rs6941583 A > T, but his
mother did not possess either of these mutations. We
could not confirm whether his mother had an exon 6
deletion in her ¢cDNA because we could not obtain her
fibroblasts. XPV19KO (Patient 2) had the compound het-
erozygous mutations of G490T and C1066T (Supporting
Information Fig. Sla).

We presented three cases of school-age children with XP-V
that were diagnosed genetically before the development of
skin cancer and presented 2-9 vears of follow-up of the
patients. One case (Patient 3) had already been diagnosed
in a previous study, and the other two cases were diag-
nosed in the present study. We identified a mutation in
XPV18KO that has not yet been reported. Although none
of the three patients had developed skin cancer at the time
of their first visit, the distribution of pigmented freckles,
the large variation in the color and shape of pigmentation
and the annual but not seasonal increase in the number of
these freckles was strongly suggestive of the diagnosis of
XP. The MED for all three patients was within the normal
range, which was consistent with the lack of severe
sunburn. Consequently, all three patients grew up without
protection from sunlight. Furthermore, Patient 1 and
Patient 2 spent long hours outdoors performing activities
(soccer and swimming, respectively). This provides strong
evidence to confirm that they had not experienced severe
sunburn, as was asserted by both patients and parents.
Slight freckling on sun-exposed areas is the only evidence
for XP-V diagnosis in childhood before the development
of typical clinical features, including prominent freckling,
xerotic skin and skin cancers.

From the clinical features, we strongly suspected XP-V,
which prompted us to detect POLH expression and
perform genetic analysis of POLH. The POLH protein band
for XPV18KO was of normal size, but its signal intensity was
decreased relative to control levels. As we reported previ-
ously in our IP system for POLH, the 83 kD band is not
detected in most XP-V cases, possibly because of the use of
mouse monoclonal antibody (sc-17770) against POLH,
which recognizes the C-terminal end of POLH (amino acids
412-712). A caffeine test showed that the post-UV cellular
sensitivity of Patient XPV18KO increased by adding caf-
feine to the medium, suggesting that Patient XPV18KO has
XP-V. If a faint band is detected by the POLH IP assay, the
caffeine test is a useful method for XP-V diagnosis.

A novel mutation was discovered in Patient XPV18KO,
namely a 26 bp deletion at the 5 splice site of intron 9
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Fig. 4. Genomic and cDNA sequences of POLH for Patient XPV18KO. (a) Genomic DNA sequence of Patient XPV18KO reveals a
heterozygous 26 bp deletion (AGATTTTCTTTCTTTATTCCTGGGGGGT) at the 5 splice site of intron 9; (b) POLH cDNA reverse
transcription-PCR (RT-PCR) (exons 8-11) for Patient XPV18KO revealed exon 9 skipping (66 bp) in 1 allele; (c) calculation of
Shapiro’s splicing probability indicated that intron 8 is a more accessible splice site than the mutated intron 9, resulting in exon 9
skipping; (d) RT-PCR of exons 5-8 revealed that Patient XPV18KO had a deletion of exon 6 in the heterozygous state.

(Fig. 4a), which caused aberrant splicing that resulted in
the skipping of exon 9 (Fig. 4b). According to the splicing
probability score (7), the mutated splice site in intron 9
would serve as a less accessible donor site than the splice
donor site in intron 8 (Fig. 4c). This novel mutation was
inherited from the patient’s father. The other allele con-
tained a complete deletion of exon 6, which was the same
type of mutation reported in two German XP-V patients
(8, 9). XPVI9KO (Patient 2) harbored compound hetero-
zygous mutations of G490T and C1066T (Supporting
Information Fig. S1b), which were exactly the same com-
pound heterozygous mutations as in Patient XPV2TK in
our previous study. The former mutation is one of the four
founder mutations in Japanese patients with XP-V (5), and
the latter mutation is found in both Japanese and Euro-
pean patients with XP-V. Patient 3 had a homozygous
single nucleotide deletion (5) that caused a premature ter-
mination at codon 584 outside the catalytic domain (Sup-
porting Information Fig. S1b).
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The predicted POLH protein sequences of the three
patients are summarized in Fig. 5. Kraemer reported that
in Patient XP3GO, a homozygous deletion of exon 6 was
absent for the POLH IP band, which implies that the faint
band present in Patient XPV18KO may be caused by exon
9 skipping because the predicted protein of this mutated
allele possesses 691 amino acids, missing only 22 amino
acids in the heterozygous state, and it contains the antigen
recognition sites for the monoclonal antibody (sc-17770)
against POLH.

Though all of the patients were referred to us as school-
age children because of an increase in pigmented freckles,
their clinical features were very different. Patient 2 devel-
oped pigmented freckles at 2 years of age, and her freckle-
like pigmentation was already prominent at the age of 11;
she developed BCCs at the ages of 12 and 13. In contrast,
pigmented freckles were noticed at 4—6 years of age in
Patients 1 and 3. Their pigmented freckles were subtle at
their first visit, and they had not developed skin cancer by
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Fig. 5. Predicted POLH protein sequence for each patient.

the ages of 16 and 21, respectively. This difference may be
because of the greater cumulative extent of sun exposure
for Patient 2 before diagnosis.

XP-V patients rarely experience sunburn. Nonetheless,
they develop pigmented freckles that are limited to sun-
exposed skin areas. A longer duration is required for
school-age children to accept their disease. Patient 1 did
not make any effort to avoid sun exposure before a genetic
diagnosis was made; this led to a great increase in the
number of pigmented freckles over 3 years (Fig. 1b). It is
difficult to convince the 16-year-old boy to apply sun-
screen although he is conscious of his disease (Fig. 1c).
Patient 3 began practicing strict sun protection 1 year after
the genetic diagnosis, which prevented an increase in
freckle-like pigmentation and the development of skin
cancer by the age of 21 (Fig. 1j, k). The early diagnosis of
XP-V for school-age children is extremely important
because they often spend time outdoors.

We gratefully thank Dr Ken Kraemer for his critical
reading of the manuscript and valuable suggestions.

Sl

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1. Genomic sequence analysis of POLH for Patient 2
(XPV19KOQ) and Patient 3 (XPV9KO). (a) Genomic DNA
sequence for Patient XPV19KO revealed compound het-
erozygous mutations in POLH: G490T at the 3’ end of
exon 4 and CI1066T in exon 9. Both mutations are previ-
ously reported founder mutations in Japanese patients
with XP-V. (b) Patient XPV9KO had del1661A in exon 11
in a homozygous state.
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